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571 ABSTRACT

An optical connector is provided for connecting an optical
fiber to, for example. a laser. The optical connector com-
prises a housing defining a passage therethrough and a stop
for abutment against a face of a ferrule containing an optical
fiber. The stop is positioned and shaped so that in use the
area of contact between the stop and the ferrule end face is
less than 10% of the total area of the end face of the ferrule,
and the area of contact between the stop and the ferrule end
face is close to a central axis of the ferrule. Many different
designs of angled ferrule are available for reducing the level
of optical reflections within optical systems. The present
optical connector allows these many different designs of
angled ferrules to be accurately aligned to an optical device.

15 Claims, 6 Drawing Sheets
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1
OPTICAL CONNECTOR

BACKGROUND OF THE INVENTION

The present invention relates to an optical connector, and
in particular to an optical connector for receiving a ferrule
containing an optical fibre.

Optical connectors are used to achieve an optical connec-
tion between optical transmission lines, or between an
optical transmission line and an optical device. The optical
device may be optically active. for example, a laser or a
photodiode, or optically passive, for example, a lens. Many
optical connectors are designed to receive a ferrule in which
is mounted an optical fibre. The ferrule is often circularly
cylindrical, and the optical fibre is often mounted on the
central axis of the ferrule. The optical connector comprises
a housing having a passage. or bore, therethrough for
receiving the ferrule. The ferrule must have a precision fit
within the bore of the housing in order to ensure accurate
lateral alignment between the optical fibre within the bore
and the device to which the optical fibre is to be optically
connected. The optical communications industry is moving
towards a de facto standard ferrule which is circularly
cylindrical and has a diameter of 2.5 millimeters. A further
requirement for reliable, accurate alignment of the ferrule to
a device via an optical connector is some means for con-
trolling the longitudinal position of the ferrule within the
connector. and thus the distance of the ferrule from the
device. This is often provided by a mechanical stop within
the housing of the optical connector which abuts against an
end face of the ferrule.

It is desirable to reduce the reflections between the end
face of a fibre and other components within an optical
system. For example, reflections between the end face of an
optical fibre and a laser can result in undesirable optical
oscillations within the laser, which lead to unstable opera-
tion of the laser. Reflections between an optical fibre end
face and a photodiode can cause excess noise within an
optical communication system. The effect of these reflec-
tions can be reduced by angling the end face of the fibre with
respect to the central axis of the fibre. This angling is usually
achieved by, for example, polishing the whole, or a substan-
tial part, of the end face of the ferrule in which the fibre is
mounted, at an angle to the central axis of the ferrule. There
is no accepted standard for the configuration of an angled
ferrule. Angles in common use vary from about 6 degrees to
about 15 degrees (measured between the normal to the
ferrule end face and the central axis of the ferrule). The end
faces of commonly available ferrules are also not flat, but are
often curved with a radius of curvature which may be from
about 10 millimeters to about 25 millimeters. Furthermore,
often the angled end face of a ferrule is formed at the end of
a reduced diameter pedestal, which extends from the main
body of the ferrule.

The diameter of such pedestals commonly can be between
about 0.8 millimeters and about 1.7 millimeters. The many
different designs of angled ferrule do not affect the lateral
alignment of the optical fibre to a device, but, when
employed in known optical connectors, do lead to longitu-
dinal alignment errors between the fibre and the device. If an
optical fibre end face is not accurately positioned at the
desired distance from a device, the performance of the
optical system may be seriously deteriorated. For example,
if the optical device is a laser, the amount of optical power
coupled to the optical fibre will be reduced.

SUMMARY OF THE INVENTION

It is an aim of the present invention to provide an
improved optical connector which, to some extent, addresses
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the deficiencies of known optical connectors. More
specifically, it is an aim of the present invention to provide
an optical connector which can accurately longitudinally
align angled ferrules of different designs to an optical
device.

According to the present invention. there is provided an
optical connector for receiving a ferrule containing an
optical fibre, the optical connector comprising:

a housing defining a passage therethrough and,

a stop for abutment against a face of the ferrule,

characterised in that the stop is positioned and shaped so

that in use the area of contact between the stop and the
ferrule end face is less than 10% of the total area of the
end face of the ferrule, and in that the area of contact
between the stop and the ferrule end face is close to a
central axis of the ferrule.

Thus, by providing an optical connector with a stop which
contacts only a small proportion of the end face of the
ferrule, at a position close to the central axis. angled ferrules
of many different designs are brought to rest within the
connector at substantially the same longitudinal position.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is now described in further detail,
by way of example only, and with reference to the accom-
panying drawings, in which:

FIG. 1 is a cross-section through a prior art optical
connector, into which has been inserted an angled ferrule,

FIG. 2 is an enlarged part cross-section of the optical
connector of FIG. 1, into which has been inserted a non-
angled ferrule,

FIG. 3 is a cross-section of an optical connector according
to the present invention, into which has been inserted an
angled ferrule,

FIG. 4 is an expanded part cross-section of the optical
connector of FIG. 3,

FIG. 5 g, b and ¢ show examples of different designs of
angled ferrule,

FIG. 6 is a part cross-section through an optical connector
according to a first embodiment of the present invention,

FIG. 7 shows a schematic, perspective view of an optical
connector according to a second embodiment of the present
invention, and

FIG. 8 shows an optical connector according to a third
embodiment of the present invention, in FIG. 8a in a
schematic, perspective view, in FIG. 85 in an intermediate
stage of manufacture, both in end elevation. and in longi-
tudinal cross-section, and in 8¢ after completion of
manufacture, in end elevation and in longitudinal cross-
section.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 shows a prior art optical connector having a
housing 1 defining a passage, or bore 2. Within a cavity 3 of
the connector housing 1 is mounted a semi-conductor laser
device 4 and a lens §. FIG. 1 also shows a ferrule 6 having
an optical fibre 7 mounted on its central axis. Longitudinal
movement of the ferrule 6 within the bore 2 of the optical
connector housing 1 is limited by the abutment of the ferrule
6 against a mechanical stop 8 provided within the housing 1.
The mechanical stop 8 is in the form of, what is known in
the art as, a “web” which extends across the bore 2 of the
housing 1. The web 8 has a central orifice 9 for allowing the
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passage of optical radiation between the laser 4 and the
optical fibre 7 of the ferrule 6 via the lens 5. Thus. in
cross-section. the web 8 is seen to comprise two components
8¢ and 8b extending from either side of the bore 2. When
assembling such an optical connector the laser 4 and lens 5
are very carefully positioned so as to ensure that optical
radiation from the laser 4 is brought to a focal point close to
an optical datum point 10 at the web 8. Often the alignment
of the laser 4 to the optical fibre 7 is carried out “actively”
i.e. the laser 4 is activated so as to emit optical radiation and
the power level of such radiation coupled to the optical fibre
is monitored. The alignment between the laser 4 and the
optical fibre 7 is then adjusted so as to maximise the optical
power within the optical fibre. At this point the position of
the laser 4 is fixed relative to the optical connector housing
1.

With reference to FIG. 2. which shows an enlarged
portion, in cross-section, of the optical connector of FIG. 1.
it can be seen that when a non-angled ferrule 11 is positioned
within the bore 2 of the housing 1, the end face 12 of the
optical fibre 7 is positioned at the optical datum point 10.
This ensures that the optical coupling between the laser 4
and the optical fibre 7 is maximised. However, referring
back to FIG. 1, when an angled ferrule 6 is inserted into the
same optical fibre connector it can be seen that the end face
12 of the optical fibre 7 is positioned at a distance “B” from
the optical datum point 10. Clearly. if the end face 12 of the
optical fibre 7 is not held at the optical datum position 10.
coupling between the laser 4 and the optical fibre 7 will be
less than optimum. Furthermore, although the value of “B”
could be taken into account, and compensated for, when
aligning the laser 4, if an angled ferrule 6 of a different
design is utilised the value of “B” will be significantly
different.

FIG. 3 shows an optical connector according to the
present invention. The housing 1 of the optical connector
comprises a bore 2 and a stop 13 as for prior art connectors.
However, this stop 13 is positioned and shaped so as to
contact the end face of the ferrule over a small area, close to
the central axis of the ferrule. With reference to FIG. 4,
which shows an expanded cross-sectional view of a con-
nector according to the present invention, it can be seen that
the end face 12 of the fibre 7 is very close to the optical
datum point 10. For connectors according to the present
invention the distance “B” between the end face 12 of the
optical fibre 7 and the optical datum point 10 is in the
opposite direction to that for conventional optical connec-
tors.

FIGS. 5§ a, b and ¢ show three examples of presently
available angled ferrules. The pedestal diameter A for dif-
ferent ferrule designs is known to vary from approximately
0.8 millimeters to approximately 1.7 millimeters. The angle
9 of the endface to the central axis of the ferrule can, for
differing designs, have a value of between approximately 6
degrees and approximately 15 degrees. The radius of cur-
vature (r) of the end face of the ferrule. for different ferrule
designs. can be between 10 and 25 millimeters. There are
thus a considerable number of factors which can affect the
position of the end face 12 of an optical fibre 7 within an
angled ferrule relative to the optical datum point 10 within
an optical connector. Table 1 quantitatively illustrates the
variation in the distance from the optical datum “B” which
can be experienced when different designs of angled ferrule
are utilised within the same prior art connector.
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TABLE 1
PRIOR ART CONNECTOR

Pedestal end face Distance “B”

Web Stop diameter  end face angle  radius  from optical

diameter (mm) (mm) (degrees) (mm)  datum (um)
05 08 8 10 48
0.5 0.8 8 25 53
0.5 1.7 8 10 83
0.5 1.7 8 25 105
0.5 0.8 12 10 77
05 08 12 25 81
05 1.7 12 10 144
05 1.7 12 25 166
05 0.8 15 10 9
0.5 0.8 15 25 104
05 1.7 15 10 192
0.5 1.7 15 25 213

From Table 1 it can be seen that the value of “B” varies
greatly with pedestal diameter, end face angle and end face
radius. Table 2 shows equivalent calculations made for three
different designs of optical connector according to the
present invention. A parameter. termed the effective web
diameter, has been utilised so that comparison with conven-
tional optical connectors is facilitated. An optical connector
according to the present invention having an effective web
diameter of 0.5 millimeters is equivalent to a prior art optical
connector having a web diameter of 0.5 millimeters, in
which one half 85 of the web has been removed.

TABLE 2

CONNECTOR ACCORDING TO PRESENT INVENTION

— e e e

Effective
web Pedestal End face Distance “B” from

diameter diameter radius optical axis (pm)
(rmm) (mm) (mm) g° 122 15
0.25 08 10 -18 ~27 -34
0.25 0.8 25 -17 =27 -33
0.25 17 10 -18 -27 -34
0.25 1.7 25 -17 -27 -33
0.50 0.8 10 -35 -53 —68
0.50 0.8 25 -35 -53 —67
0.50 1.7 10 -35 -53 —68
0.50 1.7 25 -35 -53 —67
0.75 0.8 10 -53 —80 -101
0.75 08 25 -53 -80 -100
0.75 1.7 10 -53 -80 —101
0.75 1.7 25 -53 -80  -100

From Table 2 it can be seen that ferrules having different
pedestal diameters have absolutely no effect on the value of
the distance “B”. Ferrules of different end face radius have
very slightly different values of “B” (by less than one
micron). While ferrules having different end face angles
have somewhat different values for “B”, the absolute varia-
tion in the value of “B” is far smaller than for conventional
optical connectors. For example, for an effective web diam-
eter of 0.5 millimeters the variation in “B” between a ferrule
having an 8 degree end face angle and one having a 15
degree end face angle is a maximum of 33 microns. If the
same two angled ferrules are placed within a conventional
optical connector the maximum variation in “B” could be up
to 165 microns.

As will be appreciated by those skilled in the art, the stop
13 of the present invention can be realised in a number of
ways. FIG. 6 shows a first embodiment of the present
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invention in which the stop 13 is implemented via a pin 14
inserted into the side wall of the housing 1 of the optical
connector.

In a second embodiment of the present invention, shown
in FIG. 7, the stop 13 has been implemented as an integral
part of the housing 1. The housing 1 is moulded from
plastics materials with an integral. semi-circular stop 15.

In a third embodiment of the present invention, shown in
FIG. 8, the housing 1 is first formed with a web, or stop.
which extends across the whole of the bore 2 of the housing
(see FIG. 8b). The stop 16 is then formed by drilling a hole,
which is not centred on the central axis of the ferrule,
through the web. This results in a crescent shaped stop as
shown in FIG. 8c.

It will be appreciated by those skilled in the art of
connectors. that a housing according to the present invention
may be configured so as to be compatible with any standard
optical connector, for example, ST, SC, FC. or DIN 47256.

I claim:

1. An optical connector for receiving a ferrule containing
an optical fibre, the optical connector comprising:

a housing defining a passage therethrough, and

a stop for abutment against a face of the ferrule,

characterised in that the stop is positioned and shaped so

that in use the area of contact between the stop and the
ferrule end face is less than 10% of the total area of the
end face of the ferrule, and in that the area of contact
between the stop and the ferrule end face is close to a
central axis of the ferrule.

2. An optical connector as claimed in claim 1. wherein the
area of contact between the stop and the ferrule is less than
5% of the total area of the end face of the ferrule.

3. An optical connector as claimed in claim 1, wherein the
area of contact between the stop and the ferrule is less than
1% of the total area of the end face of the ferrule.
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4. An optical connector as claimed in claim 1. wherein the
area of contact between the stop and the ferrule is less than
0.1% of the total area of the end face of the ferrule.

§. An optical connector as claimed in claim 1. wherein the
area of contact between the stop and the ferrule is less than
0.01% of the total area of the end face of the ferrule.

6. An optical connector as claimed in claim 1, wherein the
distance from the area of contact to the central axis is less
than 20% of a diameter of the ferrule.

7. An optical connector as claimed in claim 1, wherein the
distance from the area of contact to the central axis is less
than 10% of a diameter of the ferrule.

8. An optical connector as claimed in claim 1. wherein the
distance from the area of contact to the central axis is less
than 5% of a diameter of the ferrule.

9. An optical connector as claimed in claim 1. wherein the
distance from the area of contact to the central axis is less
than 1% of a diameter of the ferrule.

10. An optical connector as claimed in claim 1, wherein
the stop obscures less than one half of the passage in the
housing.

11. An optical connector as claimed in claim 1, wherein
the stop is semi-circular in cross-section.

12. An optical connector as claimed in claim 1, wherein
the stop is crescent shaped in cross-section.

13. An optical connector as claimed in claim 1. wherein
the stop comprises a pin extending from a wall of the
housing into the passage.

14. An optical connector as claimed in claim 1. wherein
the area of contact is substantially a line contact.

15. An optical connector as claimed in claim 1, wherein
the area of contact is substantially a point contact.
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